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Kinetics of phosphorylation of 5-aza-2'-deoxycytidine by deoxycytidine kinase *
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The lower K; of CdR as compared to theKm of AZA-CdR
is probably one of the key factors for the prevention of the
antineoplastic action of this analog by CdR both in vitro and
in vivo II, 2].

Certain neoplastic cell lines resistant to the CdR analog.
cytosine arabinoside. have been observed to have an increased
intracellular pool of dCTP [9. 10 1. Since the feedback inhibi­
tion of CdR kinase by dCTP [8] may be the biochemical
mechanism of this resistance. we have investigated the effect
of dCTP on the phosphorylation of AZA-CdR by CdR
kinase (Table I). In addition. we studied the effect of 5-AZA­
dCTP on this reaction which could be another mechanism by
which the cell modulates the intracellular pool size of 5-AZA­
CdR nucleotides. At a concentration of dCTP that is within
the range found in the cell [ Ill. this nucleotide produced a
significant inhibition of the phosphorylation of 5-AZA-CdR.
For example. dCTP at a concentration of IO,uM produced a
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Fig. I. Lineweaver-Burk plot of the effect of CdR on the
phosphorylation of 16- 14C J5-AZA-CdR by CdR kinase. The
standard reaction mixture with 100 mM Tris~HCI. pH 8.0.
contained variable concentrations of [614C 15-AZA-CdR.
The mixture was incubated for 5 min at 37° in the presence of
0.3 unit CdR kinase and no CdR (e--e). or 20 pM CdR

(1\--1\).
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5-Aza-2'-deoxycytidine (5-AZA-CdR) is a potent cytotoxic
agent to tumor cells in vitro [ 1] and a very effective antileu­
kemic agent in mice (2. 3]. In general. in order for nucleoside
analogs to be active inhibitors in the cell. they must first be
phosphorylated. Apparently. deoxycytidine (CdR) kinase ca­
talyzes the phosphorylation of 5-AZA-CdR since leukemic
cells resistant to this analog are deficient in this enzyme [4. 5l.
In this report. we have investigated the interaction of 5-AZA­
CdR and its triphosphate form with CdR kinase.

l5- J H1CdR and l2- 14CJCdR were obtained from New
England Nuclear (Boston. MA). l614C15-AZA-CdR was
synthesized by chemical methods [6] and purified by paper
chromatography in n-butanoJ-HzO (86; 14). dCTP was ob­
tained from Schwartz-Mann (Orangeburg. NY) and purified
by thin-layer chromatography on DEAE-celluJose in 0.05 N
HCl at 5°. 5-Aza-2'-deoxycytidine 5'-triphosphate (5-AZA­
dCTP) was prepared enzymatically as described previ­
ously 171 from AZA-CdR (Chemapol. Prague). CdR kinase
was purified from calf thymus as described previously [81 and
had a specific activity of 100 units/mg. One unit of enzyme
activity is defined as the amount of enzyme that converts
1.0 nmole of CdR to dCMP in 10 min at 37°.

The phosphorylation of CdR and AZA-CdR was assayed
as described previously [81, separating the product from the
substrate by adherence of the nucleotide to DEAE-cellulose
discs. The reaction mixture contained in 0.1 ml: 100 mM
Tris-HCI. pH 8.0. or 100 mM imidazole-HCI. pH 6.8;
5 mM ATP; 5 mM MgClz; 10 mM 2-mercaptoethanol.
0.05 pCi [ PC J nucleoside or 1.0 pCi [JH lnucleoside and 0.3
unit CdR kinase.

In Fig. I is shown the Lineweaver-Burk plot of different
concentrations of radioactive 5-AZA-CdR in the absence and
presence of non-radioactive CdR. The apparent K m of 5­
AZA-CdR was estimated to be about 63 pM. CdR was a
potent competitive inhibitor of the phosphorylation of AZA­
CdR. The apparent K; for CdR in this reaction was estimated
to be 9 pM. a value which is close to its K m value (14 pM)
published previously 18l. The CdR analog. cytosine arabino­
side. also has a higher K m than the natural substrate CdR 18l.
In both these cases. a structural change in the base or sugar
portion of CdR produced analogs which have a lower binding
affinity for the catalytic site of CdR kinase than the natural
substrate.
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Table 1. Inhibition of CdR kinase by dCTP or 5-AZA-dCTP *

Substrate

CdR

5-AZA-CdR

Nucleotide
formed Inhibition

Addition Concn (uM) (nmole) (%)

None 0.95 0
dCTP 5 0.81 15
dCTP 10 0.68 28
dCTP 20 0.53 44
5-AZA-dCTP 20 0.83 13
5-AZA-dCTP 40 0.67 29
5-AZA-dCTP 80 0.50 47

None 0.98 0
dCTP 5 0.96 2
dCTP 10 0.67 32
dCTP 20 0.40 59
5-AZA-dCTP 20 0.74 25
5-AZA-dCTP 40 0.57 42
5-AZA-dCTP 80 0.37 62

* The standard reaction mixture contained 100 mM imidazole-HCI, pH 6.8,0.05 I'Ci
of 20 I'M [ 14C JCdR or [6- 14CJ5AZA-CdR, as indicated, and the indicated concentra­
tions of dCTP or 5-AZA-dCTP. The reaction mixture was incubated for 5 min at 37° in
the presence of 0.3 unit CdR kinase.
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32 per cent inhibition ofthe phosphorylation of 5-AZA-CdR
(20 pM) by CdR kinase. 5-AZA-CdR was slightly more
sensitive to the inhibition produced by dCTP than the natural
substrate, CdR.

5-AZA-dCTP was also an inhibitor of CdR kinase when
either CdR or AZA-CdR was used as the substrate (Table 1).
The inhibition of this reaction produced by 5-AZA-dCTP
was less than an equimolar concentration of dCTP. Thus, this
fradulent nucleotide had lower binding affinity for the enzyme
than the natural nucleotide, dCTP, analogous to the condition
observed for the substrates as mentioned earlier. The concen­
trations of 5-AZA-dCTP that inhibit CdR kinase in these
experiments are probably in the range that will produce some
modulation of the phosphorylation of 5-AZA-CdR at the
cellular level.
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Biochemical effects of pure isomers of hexachlorobiphenyl~Hepaticmicrosomal
epoxide hydrase and cytosolic glutathione S-transferase activities in the rat *

(Received 25 July 1978; accepted 3 October 1978)

Some polychlorinated biphenyl (PCB) [L 2] and polybromi­
nated biphenyl isomers 13] are thought to be metabolized via
arene oxides, which are usually substrates for cytosolic gluta­
thione S-transferases and microsomal epoxide hydrase. PCBs

* Part of this work was presented at the 1978 joint meeting
of the American Society for Pharmacology and Experimental
Therapeutics and the Society of Toxicology [Pharmacologist
20, 177 (1978)].

tHCB, hepachlorobiphenyl.

have been reported to induce microsomal epoxide hydrase 14 J
and cytosolic glutathione S -transferase activities 15]. Re­
cently, inductive properties of PCBs have been shown to be
due to the combined effects of two separate classes of com­
pounds [6l. one having inducing properties similar to those of
phenobarbital and the other having inducing properties simi­
lar to those of 3-methylcholanthrene. Since it is known that
phenobarbital and 3-methylcholanthrene have differential ef­
fects on microsomal epoxide hydrase activity [7l. the effects
of 3,4,5,3',4',5' -HCB,+ 2,4,5,2',4',5' -HCB and 2,3,5,2' ,3' .5'-


